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(57) ABSTRACT

The present disclosure relates to methods and systems for
aligning annuloplasty rings during surgical procedures and
selectively engaging portions of the targeted annuli. Spe-
cifically, the disclosure 1s directed to methods and systems
for aligning an annuloplasty ring or a toroidal portion
thereol with natural fiducials present at or near an annular
target, and engaging the annulus at the points aligned with
the natural fiducials.
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ANNULI ENGAGEMENT AND RESHAPING
USING NATURAL FIDUCIALS

RELATED CASES

This application 1s a 35 U.S.C. 371 National Phase
application claiming priority to PCT/US2021/071468, filed
Sep. 15, 2021, which claims priornity to U.S. Provisional
Application No. 63/078,739, filed on Sep. 15, 2020, and
titled “ANNULI ENGAGEMENT AND RESHAPING

USING NATURAL FIDUCIALS,” both of which are hereby
incorporated by reference 1n their enftirety.

BACKGROUND

The present disclosure 1s directed to methods and systems
for aligning annuloplasty rings during surgical procedures
and selectively engaging portions of the targeted annuli.
Specifically, the disclosure 1s directed to methods and sys-
tems for aligning an annuloplasty ring or a toroidal portion
thereol with natural fiducials present at or near an annular
target, and engaging the annulus at the poits aligned with
the natural fiducials.

Annuloplasty remains a fundamental component 1n heart
valve repair. The annuloplasty ring may be used to restore
the size and shape of the native annulus; to prevent future
annular dilatation; and to provide functional annular sup-
port.

For example, dilation of the annulus of the mitral valve
(MV) prevents the valve leaflets from fully coapting when
the valve 1s closed, leading to mitral regurgitation (MR) of
blood from the left ventricle mto the left atrium.

Under typical circumstances, mm MV repair using ring
annuloplasty, in which a docking member 1s anchored to the
annulus, drastically reduces the mobility of the central
posterior leaflet, causing valve closure to be a single anterior
leaflet process with a frozen posterior buttress. Accordingly,
and to ensure full cooptation of the leaflets, 1t 1s advanta-
geous to properly locate the annuloplasty ring within the
annulus.

Similarly, tricuspid regurgitation (TR) of the tricuspid
valve (TV), 1s thought to affect a majority of the population
in the U.S. Regardless, relatively few tricuspid valve opera-
tions are performed annually due to various challenges
associated with surgical or percutaneous transcatheter based
treatment of TR.

The proposed technology aims to address the shortcom-
ings of the current systems.

SUMMARY

In an exemplary implementation, provided herein i1s a
device operable to align to at least one natural fiducial of an
annular target and engage a portion of the annular target at
the location aligned with the at least one natural fiducial, the
device comprising: an annuloplasty ring, or a first toroidal
portion thereol, each having an outer hollow tube with a
plurality of slotted backbone therein, the annuloplasty ring
or 1ts toroidal portion are each operable to change from an
insertion configuration to an operable configuration; an
alignment and engagement construction comprising at least
one cannula, the cannula having a sleeve coupled to a distal
end of the cannula, the sleeve being releasably coupled to
the outer hollow tube via a coupling sub-assembly, the
construction operable to align with and engage the at least
one natural fiducial; and a delivery catheter having a proxi-
mal end and a distal end, adapted, sized and configured to
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accommodate: the alignment and engagement construction,
the coupling assembly and the annuloplasty ring or the first
toroidal portion thereof in its insertion configuration, and
wherein the delivery catheter 1s operable, once the annulo-
plasty ring or its first toroidal portion is 1nserted, to alter the
annuloplasty ring, or 1its first toroidal portion from the
insertion configuration to the operable configuration.

In another exemplary implementation, provided herein 1s
a method for aligning an annuloplasty ring or 1ts first toroidal
portion to at least one natural fiducial of an annular target
and engage a portion of the annular target aligned with the
at least one natural fiducial, implementable 1n a system
comprising an annuloplasty ring, or a first toroidal portion
thereof, each having an outer hollow tube with a plurality of
slotted backbone therein, the annuloplasty ring or 1ts toroidal
portion are each operable to change from an 1insertion
configuration to an operable configuration; an alignment and
engagement construction comprising at least one cannula,
the cannula having a sleeve coupled to a distal end of the
cannula, the sleeve being releasably coupled to the outer
hollow tube via a coupling sub-assembly, the construction
operable to align with and engage the at least one natural
fiducial; and a delivery catheter having a proximal end and
a distal end, adapted, sized and configured to accommodate:
the alignment and engagement construction, the coupling
assembly and the annuloplasty ring or the first toroidal
portion thereol in its insertion configuration, and wherein
the delivery catheter 1s operable, once the annuloplasty ring
or its first toroidal portion 1s 1nserted, to alter the annulo-
plasty ring or its first toroidal portion from the insertion
configuration to the operable configuration, the method
comprising: using the delivery catheter, introducing the
annuloplasty ring or the first toroidal portion thereof to the
annular target site; using the delivery catheter, altering the
insertion configuration of the annuloplasty ring or the first
toroidal portion thereof to the operable configuration; using
the alignment and engagement construction, aligning the at
least one sleeve with the at least one natural fiducial;
engaging the annular target at the location aligned with the
at least one natural fiducial; and releasing the sleeve from the
outer hollow tube.

In yet another embodiment, the cannula comprises a
harpoon operable to engage the natural fiducial, wherein the
harpoon comprises: a seli-penetrating tip; a foreshait distally
coupled to the self-penetrating tip, the foreshait defining a
radial aperture disposed along the foreshait’s longitudinal
axis; a pushrod, having a proximal end defining an axial
socket sized and releasably coupled to the distal end of the
foreshait; optionally, a tether looped through the radial
aperture; and optionally, at least one spur, operably coupled
to the self-penetrating head, configured to transition from a
first 1nsertion position to a second anchoring position.

In still yet another exemplary implementation, the annu-
loplasty ring or 1ts first toroidal portion each has at least one
anterior and one posterior zone, each zone comprising a
plurality of internal anchor members located at least par-
tially within the corresponding outer hollow tube, each
anchor operable to selectably extend radially from the outer
hollow tube and engage an anterior and a posterior portion
of the annular target, wherein the method further comprises:
retracting the delivery catheter to abut the posterior portion
of the annulus; using the plurality of anchoring members 1n
the posterior portion of the annuloplasty ring or its first
toroidal portion, anchoring the annuloplasty ring or 1ts first
toroidal portion to the posterior portion of the annular target;
using the tether, pulling the anchored posterior portion of the
annulus toward the engaged (anterior) portion of the annu-
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lus; and using the plurality of anchoring members in the
anterior portion of the annuloplasty ring or 1ts first toroidal
portion, anchoring the annuloplasty ring or its first toroidal
portion to the anterior portion of the annular target.

In an exemplary implementation, provided herein 1s the
use of a system operable to align an annuloplasty ring or its
first toroidal portion to at least one natural fiducial of an
annular target and engage a portion of the annular target
aligned with the at least one natural fiducial, the system
comprising: an annuloplasty ring or a first toroidal portion
thereol, each having an outer hollow tube with a plurality of
slotted backbone therein, the annuloplasty ring or 1ts toroidal
portion are each operable to change from an insertion
confliguration to an operable configuration; an alignment and
engagement construction comprising at least one cannula,
the cannula having a sleeve coupled to a distal end of the
cannula, the sleeve being releasably coupled to the outer
hollow tube via a coupling sub-assembly, the construction
operable to align with and engage the at least one natural
fiducial; and a delivery catheter having a proximal end and
a distal end, adapted, sized and configured to accommodate:
the alignment and engagement construction, the coupling
assembly and the annuloplasty ring or the first toroidal
portion thereof in its insertion configuration, and wherein
the delivery catheter 1s operable, once the annuloplasty ring
or its first toroidal portion i1s inserted, to alter the annulo-
plasty ring or its first toroidal portion from the insertion
configuration to the operable configuration, 1n the process
for aligning an annuloplasty ring, or 1ts first toroidal portion
to at least one natural fiducial of an annular target and
engage a portion ol the annular target aligned with the at
least one natural fiducial, by performing the steps of: using
the delivery catheter; introducing the annuloplasty ring or
the first toroidal portion thereof to the annular target site;
using the delivery catheter; altering the insertion configura-
tion of the annuloplasty ring or the first toroidal portion
thereot to the operable configuration; using the alignment
and engagement construction, aligning the at least one
sleeve with the at least one natural fiducial, engaging the
annular target aligned with the at least one fiducial; and
releasing the sleeve from the outer hollow tube.

BRIEF DESCRIPTION OF THE DRAWINGS

The method implementable using the alignment and
engagement systems disclosed herein will become apparent
from the following detailed description when read in con-
junction with the figures, which are exemplary, not limiting,
and 1n which:

FIG. 1 illustrates an exemplary implementation of the
alignment and engagement device;

FI1G. 2 illustrates an enlarged portion from FIG. 1 showing
the releasable attachment;

FIG. 3 1llustrates the enlarged portion from FIG. 2 show-
ing the releasable attachment 1n greater detail;

FIG. 4 illustrates an exemplary implementation of a
harpoon used to engage a portion of the target annulus
aligned with the natural fiducials;

FIGS. 5A-5D illustrate a number of exemplary imple-
mentations of harpoon heads;

FIGS. 6A, 6B illustrate exemplary implementations of the
multi-lance harpoon head illustrated in FIG. 5C following,
actuation;

FIGS. 7A, 7B illustrate exemplary implementations of the
multi-lance harpoon head illustrated in FIG. 5B following
actuation;
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FIG. 8 1llustrates an exemplary configuration of the multi-
lance harpoon head of FIG. 7B;

FIGS. 9A-9C illustrate the components of the alignment
and engagement constructions, with FIG. 9A 1llustrating the
sleeve, FIG. 9B illustrating the docking member and FIG.
9C 1llustrating the coupling of the sleeve to the docking
member 1n the presence of the release cords;

FIGS. 10A-10L are schematic illustrations of an exem-
plary implementation of the use of the devices disclosed, in
the process of reshaping an annular target, by aligning to at
least one natural fiducial of the annular target and engaging
with the portion of the annular target aligned with the at least
one natural fiducial; and

FIG. 11 1s a schematic illustration of the heart valves
including certain examples of natural fiducials.

While the disclosure of the methods implementable using,
the alignment and engagement systems disclosed herein 1s
amenable to various modifications and alternative forms,
specifics thereol have been shown by way of example 1n the
drawings and will be further described in detail below. It
should be understood, however, that the intention 1s not to
limit the disclosure to the particular exemplary implemen-
tations described. On the contrary, the intention 1s to cover
all modifications, equivalents, and alternatives.

DETAILED DESCRIPTION

Provided herein are exemplary implementations of meth-
ods, systems, subsystems and kits for aligning an annulo-
plasty ring or 1ts first toroidal portion to at least one natural
fiducial of an annular target and engage a portion of the
annular target aligned with the at least one natural fiducial.
The annular target can be, for example: a pulmonary valve,
a mitral valve, a tricuspid valve, and an aortic valve.

Furthermore, and as 1s typically the case, the three dimen-
sional profile of the annulus 1n some of these valves 1s
dynamic during the cardiac cycle absent implantation of the
annuloplasty ring or 1ts toroidal portion, making proper
alignment using the methods and systems disclosed benefi-
cial for proper operation of the valves. Furthermore, 1n the
context of the disclosure, the term annuloplasty ring, or 1ts
toroidal portion does not necessarily mean a ring defining a
single plane, but rather encompasses other planes, for
example, a saddle-shaped ring.

Likewise, the term “its (first, second) toroidal portion”
means, 1n the context of the disclosure, any part of the ring
operable to be adjoined to form the full annuloplasty ring.
For example, in certain implementations, the toroidal por-
tion can be less than half the full ring, or less than a quarter
of the full nng and be operable to adjoin other components
and form the full annuloplasty ring.

Definitions

The term “coupled,” including 1its various forms such as
“operably coupling,” “coupling” or “couplable,” refers to
and comprises any direct or indirect structural coupling,
connection or attachment, or adaptation or capability for
such a direct or indirect structural or operational coupling,
connection or attachment, including integrally formed com-
ponents and components which are coupled via or through
another component or by the forming process. Indirect
coupling may involve coupling through an intermediary
member or adhesive, or abutting and otherwise resting
against, whether frictionally or by separate means without
any physical connection.
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In addition, for the purposes of the present disclosure,
directional or positional terms such as “top,” “bottom,”
“upper,” “lower,” “side,” “front,” “Ifrontal,” *“forward,”
“rear,” “rearward,” “back,” “trailing,” “‘above,” “below,”
“left,” “right,” “radial,” “vertical,” “upward,” “downward,”
“outer,” “inner,” “exterior,” “interior,” “intermediate,” “api-
cal,” “basal,” etc., are merely used for convenience 1n
describing the various exemplary implementations of the
present disclosure.

Likewise, the term “engage” and various forms thereof,
when used with reference to an engaging element, for
example 1n the engagement of washer 302 in docking
member 301 between the pair release cords 103, refers 1n an
exemplary implementation to the application of any forces
that tend to hold docking member 301 and a pair of release
cords 103 together against inadvertent or undesired separat-
ing forces (e.g., such as may be introduced during align-
ment/engagement and manipulation of the annuloplasty ring
or its toroidal portion). It 1s to be understood, however, that
engagement does not 1 all cases require an interlocking
connection that 1s maintained against every conceivable type
or magnitude of separating force. Further, the term “engag-
ing element” refers in another exemplary implementation to
one or a plurality of coupled components, at least one of
which 1s configured for releasably engaging another ele-
ment. Thus, this term encompasses both single part engaging,
clements and multi-part assemblies, for example, coupling
assembly 303 as a whole.

The terms “first,” “second,” and the like herein do not
denote any order, quantity, or importance, but rather are used
to denote one element from another. The terms ““a,” “an” and
“the” herein do not denote a limitation of quantity, and are
to be construed to cover both the singular and the plural,
unless otherwise indicated herein or clearly contradicted by
context. The suflix “(s)” as used herein 1s intended to include
both the singular and the plural of the term that 1t modifies,
thereby including one or more of that term (e.g., lance-
member(s) 2014; includes one or more lance members).

Reference throughout the specification to “one exemplary
implementation,” “another exemplary implementation,” “an
exemplary 1mplementation,” and so forth, means that a
particular element (e.g., step, feature, structure, and/or char-
acteristic) described 1n connection with the exemplary
implementation 1s included 1n at least one exemplary imple-
mentation described herein, and may or may not be present
in other exemplary implementations. In addition, 1t 1s to be
understood that the described elements may be combined in
any suitable manner in the various exemplary implementa-
tions.

In the context of the disclosure, the term “‘operable”
means the system and/or the device, or a certain element or
step 1s fully functional, sized, adapted and calibrated, com-
prises eclements for, and meets applicable operability
requirements to perform a recited function when activated,
coupled, implemented, actuated, eflected, or realized. In
relation to systems, the term “operable” means the system 1s
tully functional and calibrated, having the necessary ele-
ments, as well as the mechanisms for, and meets applicable
operability requirements to perform a recited function when
executed by a user.

The term ““abut” refers in the context of the disclosure, to
items that are in direct physical contact with each other,
although the items may not be attached, secured, fused,
glued, sewn, or welded together.

In the context of the disclosure, the term “natural fiducial”
1s used to describe an identifiably distinctive anatomical

teature including, without limitation, the right fibrous trigon,
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left fibrous trigon, interleaflet triangle, tricuspid posterior-
anterior hinge, or a combination comprising one or more of
the foregoing.

In the context of the disclosure, the term ““aligned” 1s a
broad term and 1s generally meant to include, without
limitation, having a fixed angular relationship between about
0 degrees and about 180 degrees between at least one
alignment and engagement construction, the delivery cath-
cter, or a marker on the annuloplasty ring or its toroidal
portion, and at least one natural fiducial.

In the context of the disclosure, the term “saddle-shaped”
1s used herein to mean an annuloplasty ring generally made
of two arcuate members, for example, two toroidal portions
with each toroidal portion having an apex and two ends
connecting the toroidal portions. The apex of the toroidal
portion 1n one member can be in the same or opposite
direction of the other member. The formed ring can be
generally D-shaped.

A more complete understanding of the methods, systems,
subsystems and kits for aligning an annuloplasty ring or 1ts
first toroidal portion to at least one natural fiducial of an
annular target and engaging the portion of the annular target
aligned with the at least one natural fiducial can be obtained
by reference to the accompanying drawings. These figures
(also referred to herein as “FIGS.”) are merely schematic
representations based on convenience and the ease of dem-
onstrating the present disclosure, and are, therefore, not
intended to indicate relative size, scale and dimensions of
the devices or components thereof, and/or to define or limit
the scope of the exemplary implementations. Although
specific terms are used in the following description for the
sake of clarity, these terms are mtended to refer only to the
particular structure of the exemplary 1mplementations
selected for illustration 1n the drawings, and are not intended
to define or limit the scope of the disclosure. In the drawings
and the following description below, 1t 1s to be understood
that like numeric designations refer to components of like
function.

FIGS. 1-3 illustrate an exemplary implementation of the
alignment and engagement device. As 1llustrated, device 10
1s operable to align to at least one natural fiducial (see, e.g.,
511, 512, FI1G. 11) of an annular target and engage a location
of the portion of the annular target aligned with the at least
one natural fiducial (see, e.g., 1000, FIG. 10A), device 10
comprising: an annuloplasty ring 100 or a first toroidal
portion thereof, each having an outer hollow tube 101 with
a plurality of slotted backbone 104 (see, e.g., FIG. 3) therein,
annuloplasty ring 100 or its toroidal portion (not shown),
with a plurality of segments formed by slotted ribbon 104
(see, e.g., commonly assigned U.S. application Ser. No.
16/702,338, filed Mar. 12, 2019 and titled “STABILIZING
AND ADJUSTING TOOL FOR CONTROLLING A MINI-
MALLY INVASIVE MITRAL/TRICUSPID VALVE
REPAIR SYSTEM.,” which 1s incorporated herein in 1ts
entirety), are each operable to change from an insertion
configuration to an operable configuration; alignment and
engagement construction comprising at least one cannula
105, 105, each cannula 105, 105' having sleeve 106, 106’
coupled to distal end of cannula 105, 105', each sleeve being
releasably coupled to outer hollow tube 101, or, in other
exemplary implementations, to wrapper 102 via coupling
sub-assembly 107, 107, the construction operable to align
the at least one natural fiducial and engage the location of the
portion of the annular target aligned with the at least one
natural fiducial; and delivery catheter 108 having proximal
end 1080 and distal end 1081, adapted, sized and configured

to accommodate: the alignment and engagement construc-
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tion, coupling sub-assembly 107, 107' and annuloplasty ring,
100 or the first toroidal portion thereof in 1ts insertion
configuration, and wherein delivery catheter 108 1s operable,
once annuloplasty ring 100 or 1its first toroidal portion 1is
inserted, to alter annuloplasty ring 100 or its first toroidal
portion from the insertion configuration to the operable
configuration. Also 1llustrated 1n FIGS. 1-3 are release cords
103 and anchors 150, forming a portion of the one or more
zones such as, for example, a posterior zone (as 1llustrated
by element 150; 1n FIG. 1, 1501: in FIG. 10F, and 1502 in
FIG. 10H), each zone comprising a plurality of internal
anchor members 1501, 1502' located at least partially
within outer hollow tube 101, the zones of the annuloplasty
ring, or the second toroidal portion thereot disposed oppo-
site (e.g., 1502' location) the alignment and engagement
construction, each 1t h anchor 150: operable to selectably
extend radially from outer hollow tube 101 and engage
portion 1000, 1001 (see, e.g., FIG. 10A) of the annular
target.

FIG. 4 1llustrates each cannula 105, 103" as comprising
harpoon 200 operable to engage the portion of the annular
target, at a location aligned with the at least one natural
fiducial (see, e.g., 511, 512, FIG. 11, and FIG. 10D). As
illustrated, 1n an exemplary implementation, harpoon 200
comprises: self-penetrating tip 201; foreshait 202 distally
coupled to self-penetrating tip 201; foreshaft 202 defining
radial (XR) aperture 2020 disposed along the foreshait 202
longitudinal axis XL; pushrod 203, having a proximal end
defining axial socket 2030 sized to accommodate a (distal)
portion of foreshaft 202, releasably coupled to the distal end
2021 (see, e.g., FIG. 5A) of foreshait 202; optionally, tether
204 looped through radial aperture 2020; and optionally, at
least one spur 205, operably coupled to the self-penetrating
tip, configured to transition from a first isertion position
(see, e.g., FIG. 4) to a second anchoring position (see, €.g.,
FIGS. 5A, 10D). In certain exemplary embodiments, push-
rod 203 1s a hollow tube, operable to both accommodate
optional tether 204, or additionally, or alternatively, deliver
other structural members, compositions and the like, to the
engagement site, as well as remove portions of the engage-
ment site.

In certain exemplary implementations, each sleeve 106,
106' used 1n the devices disclosed for implementing the
methods provided, 1s sized and configured to accommodate
self-penetrating tip 201, foreshaft 202, and optionally, at
least one spur 203.

Under certain circumstances, and as illustrated in FIGS.
5B-7B, seli-penetrating tip 201, foreshait 202 and at least
one spur 205 are all integrated to single penetrating head
2000, wherein single penetrating head 2000 1s operable to
transition between an insertion configuration as 1llustrated in
FIGS. 5B, 5C and an anchoring configuration as 1illustrated
in FIGS. 6A-7B. As illustrated in FIGS. 5B-7B, single
penetrating head 2000 comprised of a plurality of lancing
members (1n other words, a multi-lance split tip), configured
to have a cross section 2124p, 20147 operable to form filled
cylinder single penetrating head 2000 1n the insertion con-
figuration, the filled cylinder having a conical tip 2121p,
20115 (see, e.g., FIGS. 6A, 7A, 7B). Additionally, or alter-
natively, 1 certain exemplary implementations, one or both
harpoons 200 can be configured to comprise single penetrat-
ing head 2000 (multi-lance split tip) having a plurality of
lancing members 2125p, configured to form, in the 1nsertion
configuration as illustrated in FIG. 6B, with a cross section
2124p, operable to form a hollow cylinder having a frusto-
conical conical tip 2122p. As 1llustrated in FIGS. 6 A-8, upon
actuation, each of the lancing members 1s configured to
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curve whereby tip 20117, 2121p, 21314 of each lancing head
1s directed, 1n other words pointing to the distal end of a
single penetrating head 2000.

As further illustrated 1n FIGS. 5B, 7B and 8, showing
exemplary implementation of a single penetrating head 2000
comprised of a plurality of lancing members 2010/ (in other
words, a multi-lance split tip), configured to have a cross
section 2124p, 20147 operable to form filled cylinder single
penetrating head 2000 1n the insertion configuration, the
filled cylinder having a conical tip 2121p. When curved
back, lancing members 2010; having a length of between
about 0.01 mm and about 5.00 mm, are each configured to
form angle a, defined between the tangent of each curved
lancing member 2010/, and longitudinal axis XL of single
penetrating head 2000.

FIGS. 9A-9C 1illustrate the components of the alignment
and engagement constructions, with FIG. 9A, illustrating
sleeve 106, 106', FIG. 9B 1llustrating docking member 301,
and FIG. 9C illustrating the releasable coupling sub-assem-
bly 107, 107" of sleeve 106, 106' to docking member 301 in
the presence of release cords 103. Accordingly, and as
illustrated 1n FIG. 9A, each sleeve 106, 106' further com-
prises dorsal peg 1063 extending radially from each sleeve
106, 106', whereby each sleeve 106, 106' having open
proximal end 1060, and open distal end 1062. Furthermore,
cach coupling sub-assembly 107, 107' comprises docking
member 301 coupled to outer hollow tube 101, or wrapper
102, operable to releasably engage sleeve 106, 106'. As
turther 1llustrated 1n FIG. 9C, each coupling sub-assembly
107, 107" further comprises: washer 302, operably coupled
to peg 1063, forming a flanged peg; and pair of release cords
103, wherein docking member 301 having arcuate apical
surface 3010 with a diameter configured to abut the curva-
ture of outer hollow tube 101 of annuloplasty ring 100, or its
toroidal portion, docking member 301 further defines open-
ing 3025 having a cylindrical internal surface with diameter
D301 of between about 2.0 mm and about 5.0 mm, config-
ured to accommodate the flanged peg, with two pairs 3022,
3022' and 3023, 3023' of diametrically aligned openings
defined 1n docking member 301, the distance (W301)
between each pair 3022, 3022' and 3023, 3023' sized and
configured to be wider than the (dorsal) peg 1063 and
narrower than the flange defined by washer 302 diameter,
such that each pair of release cords 103 1s threaded through
the diametrically opposed openings 3022, 3022' and 3023,
3023' between the flange and sleeve 106, 106' (see, e.g., FIG.
9C).

In certain exemplary implementations, and as illustrated
schematically i FIG. 11, the at least one natural fiducial 1s
the right fibrous trigon 512, the leit fibrous trigon 511, the
interleatlet triangle (not shown), and the tricuspid posterior-
anterior hinge 5031, and wherein the annular target 1s at least
one of: mitral valve 502, tricuspid valve 503, aortic valve
501, and pulmonary valve 504. For example, 1n an exem-
plary implementation, the annular target i1s mitral valve
(MV) 502, the natural fiducials are right fibrous trigon 512
and left fibrous trigon 511 and wherein sleeves 106, 106' are
radially spaced apart to align with right fibrous trigon 512
and left fibrous trigon 511, sequentially or simultaneously
and engage anterior portion 5022 of mitral valve annulus
5020 at the location, or point of contact with anterior portion
5022 that 1s aligned with right fibrous trigon 512 and left
fibrous trigon 511, see, e.g., FIG. 10D.

In an exemplary implementation, the methods disclosed
herein are implemented using the devices and systems
disclosed herein. Accordingly, provided herein 1s a method
for aligning an annuloplasty ring, or 1ts first toroidal portion
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to at least one natural fiducial of an annular target and
engage a portion of the annular target aligned with the at
least one natural fiducial, implementable 1n a system com-
prising an annuloplasty ring 100, or a first toroidal portion
thereol, each having an outer hollow tube 101 with a
plurality of slotted backbone 104 therein, the annuloplasty
ring 100 or 1ts toroidal portion are each operable to change
from an 1nsertion configuration to an operable configuration;
an alignment and engagement construction comprising at
least one cannula 105, 105, ' the cannula having a sleeve
106, 106' coupled to a distal end 1050 (see, e.g., FIG. 2) of
the cannula 105, 105, the sleeve 106, 106' being releasably
coupled to the outer hollow tube 101 via a coupling sub-
assembly 107, 107", the construction operable to align the at
least one natural fiducial (see, e.g., 511, 512, FIG. 11) and
engage a portion of the annular target aligned with the at
least one natural fiducial; and a delivery catheter 108 having
a proximal end 1080 and a distal end 1081, adapted, sized
and configured to accommeodate: the alignment and engage-
ment construction, the coupling sub-assembly 107, 107" and
the annuloplasty ring 100 or the first toroidal portion thereof
in 1ts 1nsertion configuration, and wherein the delivery
catheter 108 1s operable, once the annuloplasty ring 100 or
its first toroidal portion 1s inserted, to alter the annuloplasty
ring 100 or its first toroidal portion from the insertion
configuration to the operable configuration, the method
comprising: using the delivery catheter 108, introducing the
annuloplasty ring 100 or the first toroidal portion thereof to
the annular target site (see, e.g., 601, FIG. 10A); using the
delivery catheter, altering the insertion configuration of the
annuloplasty ring 100 or the first toroidal portion thereof to
the operable configuration; using the alignment and engage-
ment construction, aligning (see, e.g., 602, FIG. 10B) the at
least one sleeve 106, 106' with the at least one natural
fiducial (see, e.g., 511, 512, FIG. 11); engaging the annular
target (see, e.g., 603, FIG. 10C) at the location aligned with
the at least one natural fiducial (see, e.g., 511, 512, FIG. 11);
and releasing the sleeve 106, 106' from the outer hollow tube
101. Furthermore, the step of engaging the annular target at
the location aligned with the at least one natural fiducial
comprises: using the pushrod 203, penetrating the location
aligned with the at least one natural fiducial with the
self-penetrating tip 201, wherein at least a portion of the
foreshatt 202 remains external to the location aligned with
the at least one natural fiducial; and optionally transitioning
the at least one spur 205 to the anchoring position (see, e.g.,
FIGS. 5A, 10D). Likewise, the step of releasing the sleeve
106, 106' from the outer hollow tube 101 comprises: pulling
the release cords 103; and using the delivery catheter 108,
releasing the sleeve 106, 106' from the outer hollow tube
(see, e.g., 610-612, FIGS. 10J-10L). In certain exemplary
implementations, the method for aligning an annuloplasty
ring or 1ts first toroidal portion to at least one natural fiducial
of an annular target and engage a portion of the annular
target aligned with the at least one natural fiducial further
comprises comprising: either simultaneously or sequen-
tially, with releasing the pushrod from the foreshaift, using
the delivery catheter 108, maneuvering (605, FIG. 10E) the
one or more zones 1051:, each comprising the plurality of
internal anchor heads 150i of the annuloplasty ring 100 or
the second toroidal portion thereot to the posterior rim 5021
(see, e.g., FIG. 11) of the mitral valve 502; deploying (606,
FIG. 10F) the anchors 1052; thereby engaging the posterior
rim 3021 of the mitral valve 502; using tethers 204, pulling
(607, F1G. 10G) the posterior rim 5021 of the mitral valve
502 toward the anterior rim 5022, aligned with natural
fiducials 512, 511. Thereatter, deploying (608, FIG. 10H)
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the anchors 1052: configured to engage the anterior rim
5022 of the matral valve 502; anchoring the anterior rim
5022 of the mitral valve 502 to the annuloplasty ring 100 or
the first toroidal portion thereof; pulling (610, FIG. 10]) the
release cords 103, thereby releasing the sleeve 106, 106
from the annuloplasty ring 100 or the first toroidal portion
thereof; using the delivery catheter 108, retracting (611,
FIG. 10K) each cannula 105, 105" and sleeve 106, 106'; and
releasing (612, FIG. 10L) the annuloplasty ring 100 or the
first toroidal portion thereof from the delivery catheter 108.

While 1 the foregoing specification the methods, sys-
tems, subsystems and kits for aligning an annuloplasty ring
or a toroidal portion thereof with at least one natural fiducial
in an annular target and engage a portion of the annular
target at a location aligned with the at least one natural
fiducials described herein have been described 1n relation to
certain exemplary implementations, and many details are set
forth for purposes of illustration, 1t will be apparent to those
skilled 1n the art that the disclosure of the alignment meth-
ods, implementable using the systems disclosed herein, are
susceptible to additional implementations and that certain of
the details described 1n this specification and as are more
fully delineated in the following claims can be varied
considerably without departing from the basic principles
disclosed herein.

What 1s claimed:

1. A device operable to align to at least one natural fiducial
of an annular target and engage a portion of the annular
target aligned with the at least one natural fiducial, the
device comprising:

an annuloplasty ring, or a first toroidal portion thereof,
cach having an outer hollow tube comprising a back-
bone with a plurality of slots therein, the annuloplasty
ring or a toroidal portion thereof are each operable to
change from an insertion configuration to an operable
configuration;

an alignment and engagement construction comprising at
least one cannula, each cannula of the at least one
cannula having a sleeve coupled to a distal end of the
cannula, the sleeve being releasably coupled to the
outer hollow tube via a coupling sub-assembly, the
construction operable to align with the at least one
natural fiducial and engage a portion of the annular
target aligned with the at least one natural fiducial; and

a delivery catheter having a proximal end and a distal end,
adapted, sized and configured to accommodate: the
alignment and engagement construction, the coupling
sub-assembly and the annuloplasty ring or the first
toroidal portion thereof 1n the insertion configuration,
and wherein the delivery catheter 1s operable, once the
annuloplasty ring or the first toroidal portion 1is
inserted, to alter the annuloplasty ring or the first
toroidal portion from the insertion configuration to the
operable configuration.

2. The device of claim 1, wherein each cannula of the at
least one cannula comprises a harpoon operable to engage a
portion of the annular target aligned with the at least one
natural fiducial.

3. The device of claim 2, wherein the harpoon comprises:

a self-penetrating tip;

a foreshait distally coupled to the self-penetrating tip, the
foreshait defining a radial aperture disposed along a
longitudinal axis of the foreshatt;

a pushrod, having a proximal end defining an axial socket
s1ized to accommodate a portion of the foreshatt, releas-
ably coupled to a distal end of the foreshaft;

optionally, a tether looped through the radial aperture; and
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optionally, at least one spur, operably coupled to the
self-penetrating tip, configured to transition from a first
insertion position to a second anchoring position.
4. The device of claim 3, wherein each sleeve 1s sized and
configured to accommodate the self-penetrating tip, the
foreshait, and optionally, the at least one spur.
5. The device of claim 4, wherein each sleeve further
comprises a dorsal peg extending radially from the sleeve.
6. The device of claim 5, wherein each coupling sub-
assembly comprises a docking member coupled to the outer
hollow tube, operable to releasably engage the sleeve.
7. The device of claim 6, wherein each coupling sub-
assembly further comprises:
a washer, operably coupled to the peg, forming a peg with
a flange; and

a pair of release cords, wherein the docking member
further defines an opeming having a cylindrical internal
surface, configured to accommodate the peg, with two
pairs of diametrically aligned openings defined 1n the
docking member, a distance between each pair sized
and configured to be wider than the peg and narrower
than the flange, such that the pair of release cords 1s
cach threaded through the diametrically opposed open-
ings between the flange and the sleeve.

8. The device of claim 7, wherein the pair of release cords
are operably coupled to the proximal end of the delivery
catheter.

9. The device of claim 1, wherein the at least one natural
fiducial 1s at least one of a right fibrous trigon, a left fibrous
trigon, an interleatlet triangle, and a tricuspid posterior-
anterior hinge.

10. The device of claim 9, wherein the annular target is at
least one of: a mitral valve, a tricuspid valve, an aortic valve,
and a pulmonary valve.

11. The device of claim 10, wherein the annular target i1s
the mitral valve, the natural fiducials are the right fibrous
trigon and the leit fibrous trigon and wherein the sleeves are
radially spaced to align with the right fibrous trigon and the
left fibrous trigon, sequentially or simultaneously and
engage an anterior portion of a mitral valve annulus at the
location aligned with the right fibrous trigon and the left
fibrous trigon.

12. The device of claim 3, wherein the self-penetrating
tip, the foreshaft and the at least one spur are integrated into
a single penetrating head.

13. The device of claim 12, wherein the single penetrating
head 1s operable to transition between an insertion configu-
ration and an anchoring configuration.

14. The device of claim 13, wherein the single penetrating
head 1s comprised of a plurality of lancing members, con-
figured to form a filled cylinder having a conical tip.

15. The device of claim 13, wherein the single penetrating
head 1s comprised of a plurality of lancing members, con-
figured to form a hollow cylinder having a frusto-conical
conical tip.

16. The device of claim 14, wherein upon actuation, each
lancing member of the plurality of lancing members 1s
configured to curve whereby the tip of each lancing member
1s directed to a distal end of the single penetrating head.

17. A method for aligning an annuloplasty ring or a {first
toroidal portion thereof to at least one natural fiducial of an
annular target and engage a portion of the annular target
aligned with the at least one natural fiducial, implementable
in a system comprising an annuloplasty ring, or a first
toroidal portion thereof, each having an outer hollow tube
comprising a backbone with a plurality of slots therein, the
annuloplasty ring or the toroidal portion are each operable to
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change from an insertion configuration to an operable con-
figuration; an alignment and engagement construction com-
prising at least one cannula, each cannula of the at least one
cannula having a sleeve coupled to a distal end of the
cannula, the sleeve being releasably coupled to the outer
hollow tube via a coupling subassembly, the construction
operable to align with the at least one natural fiducial and
engage a portion of the annular target aligned with the at
least one natural fiducial; and a delivery catheter having a
proximal end and a distal end, adapted, sized and configured
to accommodate: the alignment and engagement construc-
tion, the coupling sub-assembly and the annuloplasty ring or
the first toroidal portion thereof 1n the insertion configura-
tion, and wherein the delivery catheter 1s operable, once the
annuloplasty ring or the first toroidal portion 1s inserted, to
alter the annuloplasty ring or the first toroidal portion from
the insertion configuration to the operable configuration, the
method comprising:

using the delivery catheter, introducing the annuloplasty
ring or the first toroidal portion thereof to an annular
target site;

using the delivery catheter, altering the insertion configu-
ration of the annuloplasty ring or the first toroidal
portion thereot to the operable configuration;

using the alignment and engagement construction, align-
ing the at least one sleeve with the at least one natural
fiducial;

engaging the annular target at the location aligned with
the at least one natural fiducial; and

releasing the sleeve from the outer hollow tube.

18. The method of claim 17, wherein each cannula of the
at least one cannula comprises a harpoon operable to engage
the natural fiducial.

19. The method of claim 18, wherein the harpoon com-
Prises:

a self-penetrating tip;

a foreshatt distally coupled to the self-penetrating tip, the
foreshaft defining a radial aperture disposed along a
longitudinal axis of the foreshatit;

a pushrod, having a proximal end defining an axial socket
s1ized for and releasably coupled to a distal end of the
foreshaft;

optionally, a tether looped through the radial aperture; and

optionally, at least one spur, operably coupled to the
self-penetrating head, configured to transition from a
first 1sertion position to a second anchoring position.

20. The method of claim 19, wherein the step of engaging
the annular target at the location aligned with the at least one
natural fiducial comprises:

using the pushrod, penetrating the location aligned with
the at least one natural fiducial with the self-penetrating
t1ip, wherein at least a portion of the foreshait remains
external to the location aligned with the at least one
natural fiducial; and

optionally, transitioning the at least one spur to the
anchoring position.

21. The method of claim 20, wherein each sleeve 1s sized
and configured to accommodate the self-penetrating tip, the
foreshatit, and optionally, the at least one spur.

22. The method of claim 21, wherein each sleeve further
comprises a dorsal peg extending radially from the sleeve.

23. The method of claim 22, wheremn each coupling
sub-assembly comprises a docking head coupled to the outer
hollow tube, operable to releasably engage the sleeve.

24. The method of claim 23, wheremn each coupling
sub-assembly further comprises:
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a washer, operably coupled to the peg, forming a peg with
a flange; and

a pair of release cords, wherein the docking head further
defines an opening having a cylindrical internal sur-
face, configured to accommodate the peg, with two
pairs of diametrically aligned openings defined 1n the
docking head, a distance between each pair sized and
configured to be wider than the peg and narrower than
the flange, such that the pair of release cords 1s each
threaded through the diametrically opposed openings
between the flange and the sleeve.

25. The method of claim 24, wherein the step of releasing,
the sleeve from the outer hollow tube comprises:

pulling the release cords; and

using the delivery catheter, releasing each sleeve from the

outer hollow tube.

26. The method of claim 20, wherein the annuloplasty
ring or a second toroidal portion thereol has one or more
zones, each zone comprising a plurality of internal anchor
heads located at least partially within the outer hollow tube,
the zones of the annuloplasty ring, or the second toroidal
portion thereof disposed opposite the alignment and engage-
ment construction, each internal anchor head of the plurality
of internal anchor heads are operable to selectably extend
radially from the outer hollow tube and engage a portion of
the annular target.

27. The method of claim 26, wherein the at least one
natural fiducial 1s at least one of a right fibrous trigon, a left
fibrous trigon, an interleaflet triangle, and a tricuspid pos-
terior-anterior hinge.

28. The method of claim 27, wherein the annular target 1s
at least one of: a mitral valve, a tricuspid valve, an aortic
valve, and a pulmonary valve.

29. The method of claim 28, wherein the annular target 1s
the mitral valve, the natural fiducials are the right fibrous
trigon and the left fibrous trigon, and wherein the sleeves are
radially spaced to align with and engage the right fibrous
trigon and the left fibrous trigon, sequentially or simultane-
ously.

30. The method of claim 29 further comprising:

cither simultaneously or sequentially, with releasing the

pushrod from the foreshatt;
using the delivery catheter, maneuvering the one or more
zones, each comprising the plurality of internal anchor
heads of the annuloplasty ring or the second toroidal
portion thereol to a posterior rim of the mitral valve;

deploying the plurality of internal anchor heads of the
second toroidal portion thereby engaging the posterior
rim of the mitral valve; and
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using the tethers, pulling the posterior rim of the mitral

valve toward the natural fiducials.

31. The method of claim 30, wherein the annuloplasty
ring or the first toroidal portion thereof has one or more
zones, each zone comprising a plurality of internal anchor
heads located at least partially within the outer hollow tube,
the zones of the annuloplasty ring, or the first toroidal
portion thereotf, each internal anchor head of the plurality of
internal anchor heads are operable to selectably extend
radially from the outer hollow tube 1n line with the align-
ment and engagement construction, and engage an anterior
portion of the mitral valve.

32. The method of claim 31, further comprising;

deploying the plurality of internal anchor heads of the first

toroidal portion configured to engage an anterior rim of
the mitral valve;
anchoring the anterior rim of the mitral valve to the
annuloplasty ring or the first toroidal portion thereof;

pulling release cords, thereby releasing the sleeve from
the annuloplasty ring or the first toroidal portion
thereof;

using the delivery catheter, retracting each cannula and

sleeve; and

releasing the annuloplasty ring or the first toroidal portion

thereol from the delivery catheter.

33. The method of claim 32, wherein the first toroidal
portion and the second toroidal portion are operable to form
the annuloplasty ring.

34. The method of claim 19, wherein the self-penetrating
tip, the foreshait and optionally the at least one spur are
integrated to a single penetrating head.

35. The method of claim 34, wherein the single penetrat-

ing head 1s operable to transition between an insertion
configuration and an anchoring configuration.

36. The method of claim 35, wherein the single penetrat-
ing head 1s comprised of a plurality of lancing members,
configured to form a filled cylinder having a conical tip.

37. The method of claim 35, wherein the single penetrat-
ing head 1s comprised of a plurality of lancing members,
configured to form a hollow cylinder having a frusto-conical
conical tip.

38. The method of claim 36, further comprising:

actuating the single penetrating head; and

curving the tip of each lancing member of the plurality of

lancing members to direct the tip to a distal end of the
single penetrating head.
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